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I n t r o d u c t i o n .  P o l y e p i c h l o r o h y d r i n  (PECH) i s  we1 1  known as a  r e a c t i v e  
e las tomer .  Displacenient  a t  t h e  c a r b o n- c h l o r i n e  bond o f  PECH has been ac- 
compl i s h e d  w i t h  a  wide v a r i e t y  o f  n u c l e o p h i l  i c  reagen ts ,  f o r  t h e  purposes o f  
polymer m o d i f i c a t i o n ,  g r a f t i n g  and c ross1  i n k i n g  ( 1 , Z ) .  On t h e  o t h e r  hand, t h e  
PECH s t r u c t u r e  (1) N i s  h a r d l y  o p t i m a l  f rom t h e  p o i n t  o f  v iew o f  i t s  r e a c t i v i t y  
as a  s u b s t r a t e  f o r  n u c l e o p h i l i c  s u b s t i t u t i o n :  c h l o r i d e  i s  modest i n  i t s  
l e a v i n g  group a b i l i t y ,  and t h e  B-branch p o i n t  ( i . e .  t h e  c h a i n  backbone) would 
be expected t o  depress r e a c t i o n  r a t e s  by a  f a c t o r  o f  10 o r  so (3 ) .  
W i t h i n  t h e  p a s t  s e v e r a l  yea rs ,  we have examined t h e  s y n t h e s i s  and r e -  
a c t i o n s  o f  s e v e r a l  c l a s s e s  o f  polynlers r e l a t e d  t o  PECH. We have adopted t h r e e  
s imp l  e  approaches t o  t h e  p r e p a r a t i o n  o f  p o l y m e r i c  s u b s t r a t e s  more r e a c t i v e  
t h a n  PECH toward n u c l e o p h i l i c  s u b s t i t u t i o n .  We have: i ) .  removed t h e  
e b r a n c h  p o i n t  by e x t e n s i o n  o f  t h e  s i d e  cha in ,  i i ) .  r e p l a c e d  t h e  c h l o r i d e  
l e a v i n g  group by a  more r e a c t i v e  bromide and i i i ) .  r e p l a c e d  t h e  backbone 
oxygen atom by a  s u l f u r  atom t h a t  o f f e r s  s u b s t a n t i a l  anch imer i c  a s s i s t a n c e  t o  
n u c l  e o p h i l  i c  d i s p l  acenient. Each o f  t hese  s impl  e  s t r u c t u r a l  changes a f f o r d s  
e l a s t o m e r i c  polymers more r e a c t i v e  than  PECH toward a t t a c k  by n u c l e o p h i l i c  
spec ies .  We p-resent  i n  t h i s  c h a p t e r  an ove rv iew  o f  t h e  s y n t h e s i s  and r e -  
a c t i o n s  o f  t hese  new r e a c t i v e  polymers. 
Side Chain Extens ion.  The r e p e a t i n g  u n i t  s t r u c t u r e  o f  PECH would suggest  
t h a t  t h e  r e a c t i v i t y  o f  t h e  polymer would be r a t h e r  s i m i l a r  t o  t h a t  o f  i s o b u t y l  
c h l o r i d e .  The R-oxygen atom would n o t  be expected t o  o f f e r  s u b s t a n t i a l  a n c h i -  
m e r i c  a s s i s t a n c e  i n  nuc l  e o p h i l  i c  d i s p l  acement, and shoul  d  perhaps be m i l d l y  
d e a c t i v a t i n g  as a  r e s u l t  o f  a  smal l  i n d u c t i v e  e f f e c t  ( 4 ) .  I n  genera l  , t h e  
r e a c t i v i t y  o f  i s o b u t y l  ha1 i d e s  toward nuc l  e o p h i l  i c  reagen ts  i s  depressed i n  
compar ison w i t h  t h e  r e a c t i v i t y  o f  p r i m a r y ,  s t r a i g h t - c h a i n  analogues.  
S t r e i t w i e s e r  l i s t s  compara t i ve  d a t a  f o r  n i n e  r e a c t i o n s  o f  i s o b u t y l  and 
1 -p ropy l  ha1 i d e s  ( 3 )  ; w i t h i n  t h i s  s e t ,  k p r o p y ~ / k ~ s o ~ u t y ~  ranges f rom 4.3 ( f o r  
RBr + C1- i n  acetone)  t o  33.8 ( f o r  R I  + Br-  i n  acetone) .  
The 6-branch p o i n t  p r e s e n t  i n  PECH i s  absent  i n  polymers o f  h i g h e r  1,2- 
epoxy-U-ch loroa l  kanes. Such polymers a r e  r e a d i l y  prepared by t r e a t m e n t  o f  
t h e  nea t  nionomers w i t h  t h e  m o d i f i e d  t r i e t h y l  a1 uniinum c a t a l y s t  i n t r o d u c e d  by 
Vandenberg (5,6) ; r e s u l  t s  f o r  ( 2- c h l  o r o e t h y l  ) o x i  rane,  (3- ch l  o r o p r o p y l  ) o x i  rane  
and ( 4 - c h l o r o b u t y l  ) o x i r a n e  (2a-c)  a r e  summarized i n  Tab1 e  I (7,8). 
NN IV 
TABLE I 
HOMOPOLYMERIZATION OF (CHLOR0ALKYL)OXI RANES 
~ o l y r n e r i z a t i o n ~  
Monomer Time (Days) Y i e l d  (%)  T d ° C )  
a P o l y m e r i z a t i o n  a t  room tempera tu re  i n  presence o f  5  mol-% AlEt3/H20/ 
a c e t y l  acetone (1/0.5/0.5) 
I n  CHC13, 0.5 wt %, 35OC 
GPC peak m o l e c u l a r  w e i g h t  > 106 
I n  each case, t h e  polymer i s  o b t a i n e d  as a  w h i t e  e las tomer  o f  h i g h  niole- 
c u l a r  w e i g h t  ( > l o 6  i n  some exper imen ts ) .  Each o f  these polymers i s  s o l u b l e  i n  
benzene, i n  c h l o r i n a t e d  hydrocarbons and i n  d i  p o l  a r  a p r o t i c  s o l  vents .  F i g u r e  
1 shows t h e  k i n e t i c s  o f  c h l o r i d e  s u b s t i t u t i o n  by t e t r a - n - b u t y l  ammonium benzo- 
a t e  i n  N,N-dirnethylacetamide a t  50°C, f o r  PECH and f o r  t h e  polymers o f  2a-c. 
NN h) 
Under these  c o n d i t i o n s ,  each o f  t h e  h i g h e r  honiologues i s  about  e q u a l l y  reac-  
t i v e ,  and a l l  a r e  conver ted  t o  t h e  benzoate more r a p i d l y  t h a n  PECH. Each o f  
t h e s e  r e a c t i o n s  shows n e g a t i v e  d e v i a t i o n s  f rom second-order k i n e t i c s ,  b u t  
second-order r a t e  c o n s t a n t s  can be es t ima ted  f rom t h e  i n i t i a l  r e a c t i o n  r a t e s .  
T h i s  procedure  g i v e s  a  second-order r a t e  c o n s t a n t  o f  3.9 x  M-' so'  f o r  
poly[2-chloroethyl)oxirane] and a  v a l u e  o f  0.63 x  M-' s- '  f o r  PECH. Thus 
t h e  h i g h e r  homologues a r e  more r e a c t i v e  t h a n  PECH by a  f a c t o r  o f  6, an obser-  
v a t i o n  c o m p l e t e l y  c o n s i s t e n t  w i t h  known s t r u c t u r e - r e a c t i v i t y  re1  a t i o n s  f o r  
s  i ~ i i p l  e a1 k y l  ha1 i d e s  . 
The r e a c t i v e  c a r b o n- c h l o r i n e  bond i n  these  p o l y e t h e r s  a l l o w s  t h e i r  
c o n v e r s i o n  t o  o t h e r  i n t e r e s t i n g  m a t e r i a l  s. For exampl e, q u a n t i t a t i v e  c h l o r i d e  
d i sp lacemen t  by benzoate an ion  f o l l  owed by b a s i c  n ie thano lys i s  a f f o r d s  hydro-  
p h i 1  i c  po l  y e t h e r  e las tomers  t h a t  a r e  wa te r- so l  u b l  e  o r  wa te r- swe l l  a b l  e, depend- 
i n g  on s i d e  c h a i n  l e n g t h  ( 9 ) .  Po ly [ (3 -hyd roxyp ropy l  ) o x i r a n e ]  i s  a  c o l  o r 1  ess 
e las tomer  t h a t  can be c a s t  i n t o  tough,  c l e a r  f i l m s  fro111 water  o r  methanol. 
Po lyC(4 -hyd roxybu ty l  ) o x i r a n e ]  i s  i n s o l u b l e  i n  wa te r ,  b u t  q u i t e  h y d r o p h i l  i c ;  
a  f i l m  immersed i n  wa te r  ga ins  46% i n  we igh t  i n  90 min  a t  room temperature ,  
w h i l e  r e t a i n i n g  good mechanical  i n t e g r i t y .  Uses f o r  such m a t e r i a l s  as ad- 
hes ives ,  as b i o m a t e r i a l s  and as c o n t a c t  l enses  may be a n t i c i p a t e d .  
Bromide as Leav ing Group. Perhaps t h e  most s t r a i g h t f o r w a r d  approach t o  
i n c r e a s i n g  t h e  r e a c t i v i t y  o f  ha logenated s u b s t r a t e s- - p o l y m e r i c  o r  o the rw ise- -  
i s  t o  e x p l o i t  t h e  w e l l  known o r d e r  o f  l e a v i n g  group a b i l i t y ,  i.e., 
I > Br > C1 > F. For example, da ta  p r o v i d e d  by S t r e i t w i e s e r  suggest  t h a t  
rep lacemen t  o f  c h l o r i d e  by bromide w i l l  l e a d  t o  r a t e  enhancements o f  50- t o  
2 0 0- f o l  d , depending on r e a c t i o n  c o n d i t i o n s  ( 3 ) .  One cannot  t a k e  t h i s  approach 
t o o  f a r  i n  t h e  des ign  o f  r e a c t i v e  p o l y m e r i c  s u b s t r a t e s ,  however, s i n c e  t h e  
l e a v i n g  group must be i n e r t  t o  t h e  c o n d i t i o n s  o f  p o l y m e r i z a t i o n  i f  p r o t e c t i o n -  
d e p r o t e c t i o n  schemes a r e  t o  be avoided.  The i d e a l  l e a v i n g  group would be corn- 
p l  e t e l y  u n r e a c t i v e  toward t h e  n u c l e o p h i l  i c  spec ies  i n v o l v e d  i n  c h a i n  growth,  
b u t  r e a d i l y  d i s p l a c e d  i n  subsequent polymer m o d i f i c a t i o n  r e a c t i o n s .  
Bromide appears t o  be u s e f u l  i n  t h i s  regard .  Tab le  I 1  summarizes o u r  
homopolymeri z a t i o n  exper iments  on (2- bromoethy l  ) o x i  rane,  (3-bromopropyl )- 
o x i r a n e  and (4- bromobuty l  ) o x i r a n e  (3a- c)  NN #U (10- 12).  
TABLE I 1  
HOMOPOLYMERIZATION OF (BROM0ALKYL)OXIRANES 
P o l y m e r i z a t i o n  Y i e l d  ' j i nhc  
Monomer C a t a l y s t  Time ( h r )  ( % )  (dL /g )  T d ° C )  
a Room temperature ,  6-7 mol-% A1Et3/H20/acety l  acetone (1/0.5/1) 
Room tempera tu re ,  6-7 mol-% AlEt,/H,O/acetyl acetone (1/0.5/0.5) 
I n  CHC13, 0.5 wt %, 30°C 
P o l y m e r i z a t i o n  o f  each o f  t hese  o x i r a n e s  i s  e f f e c t i v e l y  accompl i s h e d  by 
t r e a t m e n t  o f  t h e  nea t  monomer w i t h  t h e  c h e l a t e d  aluminum c a t a l y s t .  It i s  
i n t e r e s t i n g  t o  n o t e  t h a t  h i g h e r  m o l e c u l a r  we igh ts  a r e  g e n e r a l l y  r e a l  i z e d  by 
u s i n g  t h e  c a t a l y s t  m i x t u r e  t h a t  c o n t a i n s  a  1: 1 r a t i o  o f  t r i e t h y l  a1 uminum and 
a c e t y l a c e t o n e ;  t h i s  may be a  r e s u l t  o f  c h e l a t i o n  o f  t h e  most a c i d i c  c a t a l y s t  
s i t e s  and a  consequent r e d u c t i o n  i n  c h a i n  t r a n s f e r  a s s o c i a t e d  w i t h  A l - a s s i s t e d  
i o n i z a t i o n  o f  t h e  C-Br bond. The poly[(w-bromoal k y l  ) o x i r a n e ] s  a r e  s l  i g h t l  y 
t a c k y  e las tomers  a t  room tempera tu re ;  a1 1  undergo a  g l a s s  t r a n s i t i o n  a t  
a p p r o x i n i a t e l y  -35OC. 
F i g u r e  2  shows t h e  k i n e t i c s  o f  bromide s u b s t i t u t i o n  by t e t r a - n - b u t y l -  
ammonium benzoate i n  CDC13 a t  45OC, f o r  p o l y ( e p i b r o m o h y d r i n )  (PEBH) and f o r  
t h e  p o l y ~ i i e r s  o f  3a-c. A1 though these  r e s u l t s  a r e  n o t  d i r e c t l y  comparable t o  
NN N 
t hose  i n  F i g u r e  1 because o f  d i f f e r e n c e s  i n  s o l v e n t s  and temperatures ,  q u a l i -  
t a t i v e  c o n s i s t e n c y  i s  apparent .  F i r s t  o f  a l l ,  each o f  t h e  h i g h e r  homologues 
i s  about  e q u a l l y  r e a c t i v e ,  and a l l  r e a c t  more r a p i d l y  than  PEBH. The k i n e t i c s  
show n e g a t i v e  d e v i a t i o n  f rom second- order behav io r ,  as b e f o r e ,  b u t  t h e  i n i t i a l  
s l o p e s  o f  t h e  second-order p l o t s  a r e  aga in  u s e f u l  f o r  compara t i ve  purposes. 
Tab le  I11 l i s t s  t h e  r a t e  c o n s t a n t s  o b t a i n e d  i n  t h i s  way. As i n  t h e  c h l o r i d e  
s e r i e s ,  e x t e n s i o n  o f  t h e  s i d e  c h a i n  by a  s i n g l e  carbon atom removes t h e  
6-branch p o i n t  and a c c e l e r a t e s  t h e  r e a c t i o n  by a  f a c t o r  o f  about  10. (The 
s i g n i f i c a n c e  o f  t h e  apparen t  t w o- f o l  d  h i g h e r  r e a c t i v i t y  o f  t h e  3-bromopropyl 
s i d e  c h a i n  compared t o  i t s  2- and 4-carbon homologues has n o t  been determined. )  
F i n a l l y ,  t h e  bromides a r e  indeed more r e a c t i v e  t h a n  t h e  c h l o r i d e s ;  d e s p i t e  t h e  
use  o f  CDC13 as t h e  r e a c t i o n  s o l v e n t ,  t h e  bromides r e a c t  more t h a n  an o r d e r  o f  
magni tude f a s t e r  t h a n  t h e  c h l o r i d e s ,  even though t h e  l a t t e r  were conver ted  i n  
DMAc, a  s u p e r i o r  s o l v e n t  f o r  nuc l  e o p h i l  i c  s u b s t i t u t i o n s  o f  t h i s  k ind .  
-- - - -- - - - 
TABLE 111 
KINETICS OF SUBSTITUTION ON POLY(w-BROM0ALKYL)OXIRANES 
Side  Chain kc 
Length C-CH?B~IO b( [ ~ e n z o a t e ] ~  b ( ~ )  (M-1 s-1)  
a 45OC, CDCI,  
b I n i t i a l  Concen t ra t i ons  
c  I n i t i a l  s l o p e  o f  second-order k i n e t i c  p l o t  
Anch imer ic  Ass is tance  by Backbone Sul f u r .  The acce l  e r a t i o n  o f  ha1 i d e  
d i sp lacement  by n e i g h b o r i n g  s u l f i d e s  i s  among t h e  most f a m i l  i a r  examples o f  
anch imer i c  a s s i s t a n c e  i n  o r g a n i c  chemis t ry .  Tab le  I V  ill u s t r a t e s  t h e  magni- 
t u d e  o f  t h e  e f f e c t  f o r  p r i m a r y  a1 k y l  c h l o r i d e s  ( 4 ) .  
RELATIVE RATE CONSTANTS FOR HYDROLYSIS OF ALKYL CHLORI DESa 
R C1 k r e l  
CH3CH2CH2CH2C1 1.00 
a Aqueous dioxane, [H20] = 20 M, 100°C 
b Rate r e l a t i v e  t o  1 -ch lo robu tane  
A &su l  f i d e  acce l  e r a t e s  t h e  s o l  v o l y s i s  n e a r l y  3000- fo ld  compared t o  t h e  simp1 e  
a1 k y l  ha1 i d e  and a p p r o x i m a t e l y  15,000- fold compared t o  t h e  R-ch l  o r o e t h e r .  On 
t h e  o t h e r  hand, t h e  y -su l  f i d e  o f f e r s  no a s s i s t a n c e ;  a p p a r e n t l y  c l o s u r e  t o  t h e  
four-membered c y c l i c  s u l f o n i u ~ i l  i o n  cannot  compete w i t h  d i r e c t  d i sp lacemen t  by 
t h e  e x t e r n a l  nuc l  e o p h i l  e. 
These r e s u l t s  suggest  t h a t  poly[(chloromethyl)thiirane] (PCMT, N 4) shou ld  
be s u b s t a n t i a l l y  more r e a c t i v e  t h a n  p o l y e p i c h l o r o h y d r i n  toward n u c l e o p h i l i c  
s u b s t i t u t i o n s ,  and indeed i t  i s  ( 13 ) .  I n  a d d i t i o n ,  t h e  f o r m a t i o n  o f  t h e  
i n t e r m e d i a t e  e p i s u l f o n i u m  i o n  by n e i g h b o r i n g  group d i sp lacemen t  l e a d s  t o  a  
rear rangement  o f  t h e  CMT r e p e a t i n g  u n i t  t o  one ( 5 )  d e r i v e d  f rom t h e  r i n g -  
N 
open ing p o l y m e r i z a t i o n  o f  3 - c h l o r o t h i e t a n e  (3CT, Scheme I )  (13-17). 
Scheme I 
We have examined t h e  e f f e c t s  o f  c o n c e n t r a t i o n ,  temperature ,  s o l v e n t  and 
added e l  e c t r o l y t e  on t h e  k i n e t i c s  o f  t h i s  s t r ~ ~ c t u r a l  i n t e r c o n v e r s i o n .  In a1 1 
i n s t a n c e s ,  t h e  k i n e t i c s  a r e  w e l l  d e s c r i b e d  by t h e  r a t e  l a w  f o r  a  r e v e r s i b l e  
f i r s t - o r d e r  r e a c t i o n  [Eq 11: 
where f (3CT)  i s  t h e  f r a c t i o n  o f  3 - c h l o r o t h i e t a n e  r e p e a t i n g  u n i t s  i n  t h e  copo- 
l y m e r  and t h e  s u b s c r i p t s  0 and m r e f e r  t o  i n i t i a l  and e q u i l  i b r i u m  copolymer 
s t r u c t u r e s ,  r e s p e c t i v e l y ;  K and K- a r e  comb ina t ions  o f  t h e  e lemen ta ry  r a t e  
c o n s t a n t s  kl, k, k-, and k-, ( c f .  Scheme I )  such t h a t  
and 
The q u a n t i t y  (K + K-) i s  t h u s  o b t a i n e d  as t h e  s l o p e  o f  a  p l o t  o f  t h e  r i g h t  
s i d e  o f  Eq 1 versus t ime ,  and because 
t h e  compos i te  r a t e  c o n s t a n t s  K and K- can be determined i n d i v i d u a l l y .  Each o f  
t h e s e  q u a n t i t i e s  (K and K-) may be viewed as a  r a t e  c o n s t a n t  f o r  c y c l  i z a t i o n ,  
mu1 t i p 1  i e d  by a  f a c t o r  t h a t  d e s c r i b e s  t h e  p a r t i t i o n i n g  o f  t h e  s u l  f o n i u ~ n  i o n  
i n t e r m e d i a t e  between t h e  two i s o m e r i c  p r o d u c t s  o f  c h l o r i d e  i o n  a t t a c k .  Tab le  
V summarizes t h e  va lues o f  (K + K-) o b t a i n e d  i n  t h i s  way: 
TABLE V 
KINETICS OF REPEATING UNIT ISOMERIZATION 
I N  POLYC(CHLOR0METHYL)THI IRANE] AND POLY (3-CHLOROTHIETANE) 
Tempera ture  E q u i l  i b r i u m  F r a c t i o n  
Sol v e n t  3CT U n i t s  K  + K- ( 1 0 - 6 ~ - ~ )  
35.5 CHCl ,b 0.59 + .03 
35.5 N O , P ~ ~  0.62 + .03 
35.5 CD,Cl ,a 0.55 + .02e 
a  PCMT-C ( r e f  15)  
PCMT-E ( r e f  15) 
P3CT ( r e f  15)  
C a l c u l a t e d  f rom r e s u l t  a t  48OC 
Based on rea r rangemen t  o f  P3CT 
These d a t a  r e v e a l  s e v e r a l  i n t e r e s t i n g  f e a t u r e s  o f  t h e  r e p e a t i n g  u n i t  
i s o m e r i z a t i o n .  F i r s t  o f  a l l ,  t h e  r a t e  c o n s t a n t s  a r e  o f  r o u g h l y  t h e  same o r d e r  
o f  magn i tude as t h o s e  observed i n  s o l  v o l  yses  and rea r rangemen ts  o f  R -ch l  o r o -  
s u l  f i d e s  o f  l o w  mo7 e c u l  a r  w e i g h t  when d i f f e r e n c e s  i n  s o l  v e n t s  and tempera tu res  
a r e  t a k e n  i n t o  account .  Tab le  V I  p r o v i d e s  a  summary o f  c o m p a r a t i v e  d a t a  f r om 
t h e  l i t e r a t u r e .  We have a l s o  de te rm ined  t h e  a p p a r e n t  r a t e  c o n s t a n t  f o r  t h e  
ana logous i s o m e r i  z a t i o n  o f  1 -ch l  o r o - 2 - e t h y l  t h i o p r o p a n e  ( 7 )  #u t o  2- ch l  o ro -1 -  
e t h y l t h i o p r o p a n e  (8 )  t o  be 4  x 10-6s-1 a t  45OC i n  t h e  absence o f  s o l v e n t .  The 
N 
l a t t e r  i s  o f  cou rse  a compos i te  r a t e  c o n s t a n t  o f  t h e  k i n d  d e f i n e d  by Equat ions  
2 and 3. 
TABLE V I  
RATES AND ACTIVATION ENERGIES OF REACTIONS OF R-CHLOROSULFIDES 
Temp 
S u b s t r a t e  ( "c )  Sol v e n t  k (s -1 )  Ea( kca l  /mol ) Ref 
PhSCH2CH2CI 40 MeOH 2.5 x 18 19 
2-endo-chl o r o-  25 Ac OH 1.8 x 10'4 16.4 
7 - t h i a b i c y c l o -  
[2.2. l ]heptane 
e r y t h r o -  70 C12CHCHC12 4.5 x 10-Ga 23 22 
Ph( C l  PhS)CHCHCl CH, 
t h r e o -  50 C1 2CHCHC12 9.2 x 10-Ga 9 22 
Ph(C1 PhS)CHCHCl C H 3  ( 6 )  - - 
a These a r e  compos i te  r a t e  c o n s t a n t s  o f  t h e  k i n d  d e f i n e d  by Eqs 2 and 3. 
A second p o i n t  o f  i n t e r e s t  i s  t h e  apparen t  a c t i v a t i o n  energy  o f  t h e  
i s o m e r i z a t i o n .  From an examina t ion  o f  t h e  tempera tu re  dependences o f  K and 
K- f o r  r e a c t i o n  i n  t h e  bu l  k  polymer,  we f i n d  apparent  a c t i v a t i o n  e n e r g i e s  o f  
22-23 kca l /mol  f o r  each o f  t h e  f o r w a r d  and r e v e r s e  processes.  Given t h e  com- 
p o s i t e  n a t u r e  o f  K and Kg', t hese  a r e  t r u e  a c t i v a t i o n  e n e r g i e s  o n l y  i f  t h e  
p a r t i t i o n i n g  o f  t h e  s u l f o n i u m  i o n  i n t e r m e d i a t e  i s  i n s e n s i t i v e  t o  temperature .  
Nonethe less ,  t h e  s i m i l a r i t y  o f  t hese  parameters t o  those  1  i s t e d  i n  Tab le  V I  
argues f o r  a  common mechanism t h a t  i n v o l  ves i n  a l l  i n s t a n c e s  r a t e - d e t e r m i n i n g  
r i n g - c l o s u r e  t o  t h e  e p i s u l  fon ium i o n ,  as suggested by Scheme I. The s o l e  
e x c e p t i o n  i s  t h e  l o w  a c t i v a t i o n  energy  f o r  rear rangement  o f  th reo- 6;  t h i s  
N 
b e h a v i o r  appears t o  be anomalous, and no e x p l a n a t i o n  i s  p r o v i d e d  by t h e  
o r i g i n a l  a u t h o r s  (22 ) .  
The s o l v e n t  dependence o f  t h e  r e a c t i o n  r a t e  i s  a l s o  c o n s i s t e n t  w i t h  t h i s  
m e c h a n i s t i c  scheme. Comparison o f  t h e  r a t e  c o n s t a n t s  f o r  i s o m e r i z a t i o n s  o f  
PCMT i n  c h l o r o f o r m  and i n  n i t r o b e n z e n e  shows a  sma l l  (ca. 40%) r a t e  enhance- 
ment i n  t h e  l a t t e r  s o l v e n t .  Simple e l e c t r o s t a t i c  t h e o r y  p r e d i c t s  t h a t  nu- 
c l e o p h i l i c  s u b s t i t u t i o n s  i n  wh ich  n e u t r a l  r e a c t a n t s  a r e  conver ted  t o  i o n i c  
p r o d u c t s  shou ld  be a c c e l e r a t e d  i n  p o l a r  s o l v e n t s  ( 2 3 ) ,  so t h a t  a  r a t e  i n c r e a s e  
i n  n i t r o b e n z e n e  i s  t o  be expected. I n  f a c t ,  t h i s  e f f e c t  i s  o f t e n  v e r y  smal l  
( 2 4 ) .  For example, Parker  and co-workers (25 )  r e p o r t  t h a t  t h e  S N ~  r e a c t i o n  o f  
methy l  bromide and d ime thy l  s u l f i d e  i s  a c c e l e r a t e d  by o n l y  50% on chang ing t h e  
s o l v e n t  f rom 88% (w/w) methano l- water  t o  N,N-dimethylacetamide (DMAc) a t  l o w  
i o n i c  s t r e n g t h ;  t h i s  i s  a  f a r  g r e a t e r  change i n  s o l v e n t  p r o p e r t i e s  than  t h a t  
i n v e s t i g a t e d  i n  t h e  p resen t  work. Thus a  s m a l l ,  p o s i t i v e  dependence o f  r e -  
a c t i o n  r a t e  on s o l v e n t  p o l a r i t y  i s  i m p l i c i t  i n  t h e  s u l f o n i u m  i o n  mechanism. 
A  f i n a l  o b s e r v a t i o n  c o n s i s t e n t  w i t h  r a t e - d e t e r m i n i  ng c y c l  i z a t i o n  i s  t h a t  
t h e  r e a c t i o n  r a t e  i s  r e l a t i v e l y  i n s e n s i t i v e  t o  added e l e c t r o l y t e .  A d d i t i o n  
o f  0.5 e q u i v a l e n t s  o f  t e t r a - n - b u t y l  ammonium c h l o r i d e  o r  t e t r a - n - b u t y l  ammonium 
a z i d e  t o  c h l o r o f o r m  s o l u t i o n s  o f  PCMT produces v e r y  smal l  , and a p p r o x i n i a t e l y  
equal  , inc reases  i n  r a t e .  A1 t e r n a t i v e  r e a c t i o n  mechanisms t h a t  i nvoke  as r a t e -  
d e t e r m i n i n g  s teps  e i t h e r  i ) .  a t t a c k  by c h l o r i d e  i o n ,  o r  i i ) .  u n a s s i s t e d  S N ~  
d i s s o c i a t i o n  o f  t h e  c a r b o n - c h l o r i n e  bond a r e  i n c o n s i s t e n t  w i t h  t h i s  r e s u l  t. 
Repeat ing  U n i t  I s o m e r i z a t i o n  vs. I s o n i e r i z a t i o n  P o l y m e r i z a t i o n .  Repeat ing 
u n i t  i s o m e r i z a t i o n  i s  s i m i l a r  i n  s e v e r a l  r e s p e c t s  t o  i s o m e r i z a t i o n  p o l y m e r i -  
z a t i o n  (26,27). I s o m e r i z a t i o n  p o l y m e r i z a t i o n  may be d e f i n e d  as a  process 
whereby a  monomer o f  s t r u c t u r e  A  i s  conver ted  t o  a  polymer o f  r e p e a t i n g  u n i t  
s t r u c t u r e  B, where in  t h e  c o n v e r s i o n  o f  A t o  B r e p r e s e n t s  a  s t r u c t u r a l  change 
more s u b s t a n t i a l  t h a n  simp1 e  r i n g  open ing o r  doub le  bond a d d i t i o n  : 
The p r o d u c t  o f  an i s o m e r i z a t i o n  p o l y m e r i z a t i o n  i s  t hus  determined by t h e  r e l a -  
t i v e  r a t e s  o f  t h e  p r o p a g a t i o n  and i s o m e r i z a t i o n  s teps ;  i.e., i t  i s  k i n e t i c a l l y  
de termined.  I f  i s o m e r i z a t i o n  i s  much f a s t e r  t h a n  p ropaga t ion ,  t h e  homopolymer 
o f  B i s  ob ta ined ;  c o ~ i i p e t i t i v e  r a t e s  w i l l  l e a d  t o  A-B copolymers.  
We d e f i n e  r e p e a t i n g  u n i t  i s o m e r i z a t i o n  as a  process subsequent t o  
p o l y m e r i z a t i o n ,  i n  which an i n t r a m o l e c u l a r  rearrangement o f  t h e  r e p e a t i n g  u n i t  
1  eads t o  a  the rmodynamica l l y  p r e f e r r e d  s t r u c t u r e :  
Thus p r o p a g a t i o n  must be much f a s t e r  t h a n  i s o m e r i z a t i o n ,  and t h e  p r o d u c t  w i l l  
be determined by thermodynamics, r a t h e r  t h a n  by r e a c t i o n  k i n e t i c s .  The n e t  
r e s u l t s  o f  t h e  two processes may be q u i t e  s i ~ i i i l a r ,  however, i n  t h a t  polyniers 
o f  unexpected s t r u c t u r e s  may be ob ta ined ,  and copolymers may be prepared by 
p o l y m e r i z a t i o n  o f  a  s ing1  e  monomer. 
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FIGURE CAPTIONS 
F i g .  1 .  Convers ion versus t i m e  f o r  s u b s t i t u t i o n  by te t rabuty lammonium 
benzoate on p o l y ( e p i  c h l o r o h y d r i n )  ( A ,  A, separa te  r u n s )  ; p o l y [ ( 2 -  
c h l o r o e t h y l  ) o x i  rane ]  (0 )  ; p o l y [ ( 3 - c h l o r o p r o p y l  ) o x i  rane ]  (v )  ; and 
p o l y [ ( 4 - c h l o r o b u t y l  ) o x i  rane ]  (0). 
F ig .  2. Convers ion versus t i m e  f o r  s u b s t i t u t i o n  by te t rabuty lammonium 
benzoate on p o l y ( e p i  brornohydri n )  ( +  ; poly [ (2-bromoethy l  ) o x i  rane ]  
(0) ; p o l y [ ( 3 -  bromopropyl ) o x i  rane ]  ( A )  ; and p o l y [ ( 4 -  bromobuty1)- 
o x i  rane ]  (a). 
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